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(57) ABSTRACT

An exemplary ocular implant insertion system includes a case
and a preloaded ocular implant insertion apparatus. The appa-
ratus includes first and second movable structures that move
the ocular implant in a predetermined sequence. The respec-
tive configurations of the case and the ocular implant inser-
tion apparatus are such that the ocular implant insertion appa-
ratus is not removable from the case when the ocular implant
insertion apparatus is in the pre-use state and is removable
after the first movable structure has moved at least a portion of
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1
OCULAR IMPLANT INSERTION APPARATUS
AND METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 13/699,708, which has a 35 U.S.C. §371(c) date of May
11, 2013 and is a U.S. national phase application under 35
U.S.C. §371 of International Patent Application No. PCT/
JP2011/063747, filed Jun. 8, 2011, which claims priority to
Japanese patent application No. 2010-132952, filed Jun. 10,
2010. The International Application was published in English
on Dec. 15, 2011 as International Publication No. WO 2011/
155636 Al. The content of each application is incorporated
herein in its entirety.

BACKGROUND OF THE INVENTIONS

1. Field of the Inventions

The present inventions relate generally to apparatus and
methods for inserting an ocular implant into an eye.

2. Description of the Related Art

There are a variety of instances where an ocular implant is
inserted into the anterior chamber, posterior chamber, cornea,
vitreous space and/or other portion of an eye. Exemplary
ocular implants include, but are not limited to, lenses, capsu-
lar tension rings, ocular prosthesis and lamellar transplants.
An intraocular lens (IOL), for example, may be inserted into
an aphakic eye that has undergone a cataract surgery or may
be inserted into a phakic eye during a refractive surgery. One
type of lens is a foldable lens. Foldable lenses are formed
from soft material such as a silicone elastomer, soft acrylic, or
hydrogel and may be inserted into the eye through a small
incision. Lens insertion apparatus, which may be used to push
afoldable lens into an eye through a nozzle, generally include
screw-type insertion apparatus and push-type insertion appa-
ratus. In both cases, the lens insertion apparatus may include
aplunger that is used to push a folded lens through the nozzle
into the eye by way of an incision that is relatively small, e.g.,
an incision that is smaller than the diameter of an IOL optic.

Loading an ocular implant into an inserter can be a trouble-
some portion of the insertion procedure. The implant may be
contaminated, damaged or improperly placed into the inserter
by operator, e.g., a surgeon or assistant. Accordingly, in some
instances, the insertion apparatus is preloaded, i.e., the inser-
tion apparatus is shipped from the factory with the ocular
implant (e.g., an IOL) stored therein. An operator using a
preloaded inserter does not place the implant into the inser-
tion apparatus, thereby eliminating the possibility of the
aforementioned operator error associated with loading.

In addition to the basic functions of storing and inserting an
IOL or other ocular implant, it may also be desirable for the
insertion apparatus to minimize the physical load on the ocu-
lar implant during storage in order to ensure that the ocular
implant returns to its unstressed state after being inserted into
the eye. It may also be desirable to fold the IOL or other ocular
implant into as small a state as possible in order to reduce the
size of the incision and the likelihood of corneal astigmatism
caused by the surgery or infection. Thus, the desired insertion
apparatus must be able to fold the unstressed ocular implant
into a small state in a predetermined direction, and into a
predetermined shape, in order to insure that the plunger can
move the folded ocular implant through the nozzle without
the insertion apparatus becoming clogged at or near the
nozzle or the ocular implant being damaged. To that end,
instead of using only a plunger to move the lens through the
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2

folding and insertion processes, some insertion apparatus
have been configured to fold and move an IOL in stepwise
fashion through the use of multiple IOL moving structures.
Examples of such insertion apparatus are illustrated and
described in PCT Pub. No. WO 2009/148091 (also published
as US 2011/0082463) and Laid-open JP Pat. Pub. No. 2001-
104347 (also published as US 2001/0007942).

The present inventor has, however, determined that inser-
tion apparatus with multiple ocular implant moving struc-
tures are susceptible to improvement. For example, the
present inventor has determined that such insertion apparatus
are susceptible to erroneous operation, such as use of the
moving structures in an incorrect sequence.

SUMMARY

An exemplary ocular implant insertion system includes a
case and an ocular implant insertion apparatus including an
ocular implant, a first movable structure that moves at least a
portion of the ocular implant during movement thereof, and a
second movable structure that moves the ocular implant
through the nozzle. The ocular implant insertion apparatus is
located at least partially within the case in pre-use state
wherein the first and second movable structures have not
folded and moved the ocular implant. The respective configu-
rations of the case and the ocular implant insertion apparatus
are such that the ocular implant insertion apparatus is not
removable from the case when the ocular implant insertion
apparatus is in the pre-use state and is removable after the first
movable structure has moved at least a portion of the optical
implant.

An exemplary method of using a system including a case
and a preloaded ocular implant insertion apparatus locked to
the case includes the steps of unlocking the insertion appara-
tus from the case by moving a first movable structure a dis-
tance sufficient to at least partial fold a stored ocular implant,
removing the insertion apparatus from the case, and pushing
the ocular implant from the insertion apparatus with a second
movable structure.

There are a number of advantages associated with such
systems and methods. For example, such systems and meth-
ods prevent the use of the first and second movable structures
in an incorrect sequence.

BRIEF DESCRIPTION OF THE DRAWINGS

Detailed description of exemplary embodiments of the
inventions will be made with reference to the accompanying
drawings.

FIG. 1 is a perspective view of an IOL insertion system,
including an IOL insertion apparatus and an insertion appa-
ratus case, in accordance with one embodiment of a present
invention.

FIG. 2 is a perspective view of the exemplary IOL insertion
apparatus illustrated in FIG. 1.

FIG. 3 is a perspective view of the insertion tube of the
exemplary IOL insertion apparatus illustrated in FIG. 2.

FIG. 4 is a perspective view of the main body of the exem-
plary IOL insertion apparatus illustrated in FIG. 2.

FIG. 5 is a perspective view of the lens placement section
of'the exemplary IOL insertion apparatus illustrated in FIG. 2.

FIG. 6 is a section view of the insertion tube and lens
placement section of the exemplary IOL insertion apparatus
illustrated in FIG. 2.

FIG. 7 is a perspective view of the plunger of the exemplary
IOL insertion apparatus illustrated in FIG. 2.
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FIG. 8 is a perspective view of the distal portion of the
plunger rod of the exemplary IOL insertion apparatus illus-
trated in FIG. 2.

FIG. 9 is a perspective view of the exemplary insertion
apparatus case illustrated in FIG. 1.

FIG. 10 is a partial section view of a portion of the exem-
plary IOL insertion system illustrated in FIG. 1.

FIG. 11 is a perspective view of the exemplary cover illus-
trated in FIG. 1.

FIG. 12 is a perspective view showing one aspect of the
operation of the exemplary IOL insertion system illustrated in
FIG. 1.

FIG. 13 is a perspective view showing another aspect of the
operation of the exemplary IOL insertion system illustrated in
FIG. 1.

FIG. 14 is a partial section view showing another aspect of
the operation of the exemplary IOL insertion system illus-
trated in FIG. 1.

FIG. 15 is a perspective view showing another aspect of the
operation of the exemplary IOL insertion system illustrated in
FIG. 1.

FIG. 16 is a perspective view showing another aspect of the
operation of the exemplary IOL insertion system illustrated in
FIG. 1.

FIG. 17 is a perspective view of another exemplary 10L
insertion apparatus that may be combined with a case in the
manner illustrated in FIG. 1 to form an IOL insertion system.

FIG. 18 is a perspective view of an IOL insertion system,
including an IOL insertion apparatus and an insertion appa-
ratus case, in accordance with one embodiment of a present
invention.

FIG. 19 is a perspective view of the insertion tube of the
exemplary IOL insertion apparatus illustrated in FIG. 18.

FIG. 20 is a perspective view of a portion of the exemplary
IOL insertion system illustrated in FIG. 18.

FIG. 21 is a perspective view of a portion of the slider and
the lens placement section of the exemplary IOL insertion
apparatus illustrated in FIG. 18.

FIG. 22 is a perspective view of the lens placement section
of the exemplary IOL insertion apparatus illustrated in FIG.
18.

FIG. 23 is a perspective view of a portion of the slider of the
exemplary IOL insertion apparatus illustrated in FIG. 18.

FIG. 24 is a perspective view of a portion of the plunger rod
of the exemplary IOL insertion apparatus illustrated in FIG.
18.

FIG. 25 is a side view of a portion of the exemplary IOL
insertion apparatus illustrated in FIG. 18.

FIG. 26 is a perspective view of an IOL insertion system,
including an IOL insertion apparatus and an insertion appa-
ratus case, in accordance with one embodiment of a present
invention.

FIG. 27 is a side view of a portion of the exemplary IOL
insertion system illustrated in FI1G. 26.

FIG. 28 is a side view of a portion of the exemplary IOL
insertion system illustrated in FI1G. 26.

FIG. 29 is a side view of a portion of the exemplary IOL
insertion system illustrated in FI1G. 26.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The following is a detailed description of the best presently
known modes of carrying out the inventions. This description
is not to be taken in a limiting sense, but is made merely for the
purpose of illustrating the general principles of the inven-
tions. The present inventions are also applicable to a wide
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variety of ocular implants which, as used herein, refers to any
structure, instrumentality or device that is placed into any
ocular structure or region. Ophthalmic lenses, capsular ten-
sion rings, ocular prosthesis and lamellar transplants are
examples of ocular implants. Although the exemplary imple-
mentations are described below in the context of an intraocu-
lar lens (IOL), the present inventions are also applicable other
types of ocular implants, including those yet to be developed.
For example, the present inventions are applicable to other
types of ophthalmic lenses. Such lenses include, but are not
limited to, intraocular contact lenses, phakic IOLs, and other
lenses that may be inserted into the eye.

1. Overview

As illustrated in FIG. 1, the exemplary IOL insertion sys-
tem 1 includes an IOL insertion apparatus 2A and a case 3 in
which the IOL insertion apparatus 2A is stored during ship-
ping and at other times prior to an insertion procedure. The
IOL insertion apparatus 2A is a preloaded insertion apparatus
and, to that end, an IOL 40 (FIG. 5) is placed within the
insertion apparatus during the assembly process and the
insertion apparatus is shipped and stored with the IOL located
therein. The IOL insertion system 1 includes a lock mecha-
nism 4 that prevents the IOL insertion apparatus 2A from
being removed from the case 3 when in a locked state, and
allows the IOL insertion apparatus to be removed from the
case when in an unlocked state. As is discussed in greater
detail below, the operation of the IOL insertion apparatus 2A
itself is, generally speaking, a two-step process where the
steps must be performed in the proper sequence. The first step
involves folding a previously unstressed IOL into a particular
configuration with a first device and the second step pushing
the folded IOL though a tapered passage, where it is further
folded, and then into the eye. The IOL insertion system 1 is
configured such that the lock mechanism 4 will transition
from the locked state to the unlocked state, thereby allowing
the IOL insertion apparatus 2A to be removed from the case
3, when the first step is performed. In other words, the IOL
insertion system 1 is configured such that the operator will not
be able to remove the IOL insertion apparatus 2A from the
case 3 unless the first step in the process has been performed.
By requiring the first step to be performed prior to removal of
the IOL insertion apparatus 2A from the case 3, the IOL
insertion system 1 forces the operator to perform the steps in
the correct order.

II. Exemplary IOL Insertion Apparatus

Turning to FIG. 2, the exemplary IOL insertion apparatus
2A includes a slider 6, a plunger 8A, a main body 14A and an
insertion tube 16 that is mounted on the forward end of the
main body. The main body 14A and insertion tube 16 together
define the external housing of the insertion apparatus 2A. The
slider 6 and plunger 8A are movable relative to the external
housing and relative to each other.

Operation of the IOL insertion apparatus 2A, where the
IOL is pushed out of the apparatus and into the eye, is referred
to herein as a “push-out” or “insertion” process. The slider 6,
which has a pair of finger grips 7, performs the first step in the
insertion process, i.e., folding a previously unstressed 10L
into a particular configuration, and may therefore be referred
to as one example of a first lens push-out mechanism. The
exemplary slider 6 pushes the IOL 40 distally as it folds the
IOL. In other implementations, the first “push-out” mecha-
nism may perform the first step of the “push-out” process by
simply folding an IOL without moving it distally. The exem-
plary plunger 8A performs the second step in the insertion
process, i.e., pushing the folded IOL through a tapered lumen
and then into the eye, and may therefore be referred to as one
example of a second lens push-out mechanism. The IOL
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moves along a lens advancement axis A during the insertion
process. Movement of the movable components of the inser-
tion apparatus 2A and the IOL 40 towards the eye is referred
to herein as movement in the forward (or “distal”) direction
and movement away from the eye is referred to herein as
movement in the rearward (or “proximal”) direction. Simi-
larly, the end of a structure that faces the eye during use is
referred to as the forward (or “distal”) end and the other end
the structure is referred to as the rearward (or “proximal”)
end. The slider 6 and plunger 8A are both movable in the
forward and rearward directions relative to the main body
14A.

The exemplary insertion tube 16 includes a nozzle 18, a
transition section 20 and a protector 22, with interior regions
thatare in communication with one another so thatan IOL can
pass therethrough. The insertion tube 16 is connected to the
main body 14A by a connector arrangement 15 (FIG. 3) on the
insertion tube and a corresponding connector arrangement 17
(FIG. 4) on the main body. The inner diameter of the transi-
tion section 20 tapers downwardly from the end adjacent to
the protector 22 to the end adjacent the nozzle 18. The pro-
tector 22 has an injection port 24 for viscoelastic material and
a first insertion hole 26 (discussed below).

Turning to FIG. 4, the exemplary main body 14A includes
a tubular member 19, a lens placement section 28, a slider
guide section 30 and a protrusion 32. The lens placement
section 28 (described below with reference to FIG. 5) pro-
trudes distally from the front end of the tubular member 19.
The slider guide section 30 is configured to allow the slider 6
to move forwardly and rearwardly. The slider guide section
30 may be a pair of slits, formed in the tubular member 19,
that are parallel to the lens advancement axis A. The slider
guide section 30 also extends rearwardly from the distal end
of'the tubular member 19 to the central portion of the tubular
member. The plunger 8A is threadedly connected to the main
body 14A in the illustrated implementation. To that end, the
exemplary main body 14A includes a male screw. The pro-
trusion 32, which is transverse to the lens advancement axis
A, defines a portion of the screw thread of the male screw and
aportion ofthe outer surface of the tubular member 19 defines
the root of the thread. Another protrusion (not shown) may be
located on the tubular member 19 180 degrees offset from the
tubular member 32.

As shown in F1G. 5, the IOL insertion apparatus 2A may be
used to store an IOL 40 that has an optic 42 and a pair of
supports 44 and 46 such as, for example, the illustrated pair of
haptics. The exemplary lens placement section 28 includes a
bottom surface 34, a pair of side walls 36 respectively located
on opposite sides of the bottom surface and extending
upwardly from the bottom surface, and a pair of rails 38. The
bottom surface 34 and the side walls 36 are parallel to the lens
advancement axis A and the lens advancement axis A is
located between the side walls. The side walls 36 each
include, near the upper end, an inclined surface 36 A. The rear
portions of the side walls 36 include inward protrusions 48
that prevent the IOL 40 from moving in the rearward direc-
tion. The lens supporting surfaces of the rails 38 are oriented
in a direction that is transverse to the lens advancement axis A
and slope away from the axis A in the rearward to forward
direction. As such, the stored IOL 40 is tilted relative to the
lens advancement axis A, with the forward end of the IOL
optic 42 closer to the bottom surface 34 than the rearward end.
The lens supporting surfaces of the rails 38 are also located a
sufficient distance above the bottom surface 34 to prevent the
IOL optic 42 from coming into contact with the bottom sur-
face (note FIG. 6).
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It should be noted that references hereinto “top,” “bottom,”
“upward,” “downward” and the like are merely references to
the illustrated orientation and/or the relationship of the com-
ponents relative to one another in the illustrated orientation.
For example, the side of the IOL 40 facing the bottom surface
34 is referred to “the downward side” and movement toward
the bottom surface is referred to as movement in the “down-
ward direction,” while the opposite side of the IOL 40 is
referred to as the “the upward side” and movement away from
the bottom surface 34 is referred to as movement in the “the
upward direction.”

In addition to the grips 7, and referring to FIGS. 5 and 14,
the exemplary slider 6 includes an elongate member 9, with a
lens contact surface 5, that is carried within the main body
14A and is slidable relative thereto. The grips 7 are connected
to elongate member 9. The lens contact surface 5, which is
larger than the plunger distal end 55 (discussed below), is
used to scoop up the proximal IOL support 46 during the
initial folding of the IOL 40. A lens holder 11 is pivotably
mounted on the distal end of elongate member 9 and includes
aprotrusion 13. The lens holder 11 controls the initial folding
of'the IOL 40 during the first step of the lens insertion process.
More specifically, as the slider 6 moves distally, the protru-
sion 13 rides along the tapered inner surface of the transition
section 20, which causes the lens holder 11 to pivot down-
wardly into contact with the IOL optic 42 to fold the IOL 40.
The slider elongate member 9 also includes a slot 21 through
which the plunger rod 51 (discussed below) passes during the
second step of the insertion process. Additional discussion
concerning the use of a lens holder to fold an IOL may be
found in, for example, U.S. Pat. Pub. No. 2010/0185206.

Referring to FIG. 6, the protector 22 of exemplary insertion
tube 16 includes protrusions 50, with inclined surfaces 50A,
that extend downwardly and inwardly from both sides of the
protector inner surface. The projections 50, which guide the
insertion tube 16 onto the upper ends of the side walls 36
during assembly, are sized such that the inclined surfaces 50A
extend beyond the side wall inclined surface 36A. This pre-
vents the outer edge of the IOL optic 42 located in the lens
placement section 28 from becoming wedged between the
protrusions 50 and the side walls 36.

Turning to FIG. 7, the exemplary plunger 8A includes an
operational member 49A and arod 51 with a distal rod portion
52, a proximal rod portion 53, and a rod distal end 55. The
distal rod portion 52, which is sized such that it can be inserted
through the nozzle 18, may be connected to, or may be inte-
gral with, the proximal rod portion 53. The operational por-
tion 49A includes a handle 54 that is generally cylindrical in
shape. The proximal (or “rearward”) end of the handle 54 is
rotatably journaled, or is otherwise rotatably secured, to the
proximal (or “rearward”) end of the proximal rod portion 53.
The handle 54 is also hollow and configured to receive the
proximal portion of the main body 14A. The inner surface of
the handle 54 includes a female screw (not shown) with
threads that operationally 